influence immune cell activation (Duck et al., 2007; Louis & Flint, 2009) . Changes in the occurrence of members of the Lachnospiraceae have also been associated with chronic inflammation of the gut (Berry et al., 2012; Manichanh et al., 2006) . From a phylogenetic point of view, members of the family Lachnospiraceae usually fall into cluster XIVa of the genus Clostridium (Collins et al., 1994) together with species from other families such as Eubacteriaceae, Clostridiaceae and Ruminococcaceae. It is important to notice that the family Lachnospiraceae represents a broad and heterogeneous group of bacteria from a physiological and taxonomic point of view. For instance, species of the same genus that were described before the era of 16S rRNA gene sequence-based analysis have been determined to be phylogenetically distant, e.g. ruminococci, and intermingle with species from other genera (Rainey & Janssen, 1995) . This renders taxonomic interpretation of high-throughput 16S rRNA gene sequencing datasets very challenging and highlights the urgency of pursuing reclassification of many species within the family (Allen-Vercoe et al., 2012; Hedberg et al., 2012; Liu et al., 2008; Stackebrandt et al., 1997) . Recent studies have shown that about 50 % of bacterial phylotypes detected in intestinal samples from mammals have no representative strains in culture (Goodman et al., 2011) , and many of these as-yet uncultured bacteria belong to the family Lachnospiraceae. The present paper is in line with recent findings that highlight the importance of analysing gut samples using classical culture techniques in order to increase our knowledge of gut bacterial diversity (Lagier et al., 2012) . Accordingly, we characterized three bacterial strains isolated from the mouse intestine and provide evidence that these strains represent a novel genus within the family Lachnospiraceae.
Caecal samples were collected from 17-week-old female heterozygote TNF DARE/+ mice on a C57BL/6 genetic background that were fed a standard experimental diet (cat. no. S5745-E7020; ssnif GmbH) with or without 10 % (w/w) ground flaxseeds (Bauck GmbH & Co. KG) . Animal use was approved by the local institution in charge (animal welfare authorization 32-568, Freising District Office). Mouse dissection, bacterial isolation and cultivation procedures were performed as published previously (Clavel et al., 2009; Kläring et al., 2013) . Briefly, caecal bacteria were picked from serial dilutions grown under strictly anaerobic conditions (N 2 /H 2 , 90 : 10 in a Whitley H85 workstation) on selective agar medium based on the formulation by Postgate for isolation of sulphate-reducing bacteria (Kläring et al., 2013) . The purity of isolates was ensured by streaking twice onto selective agar plates and examined by observing cell morphology after Gram-staining and colony morphology. Unless otherwise stated, Wilkins-Chalgren anaerobe (WCA) broth (Oxoid) supplemented with 0.05 % (w/v) cysteine and 0.02 % DTT and gassed with 100 % N 2 in Hungate tubes was used for subculturing and testing strains. Genomic DNA of isolates was extracted and 16S rRNA gene sequences were analysed using primers 27F, 338F, 907R and 1492R, as described previously (Kläring et al., 2013).
BLAST analysis (Altschul et al., 1990) of partial 16S rRNA gene sequences revealed that three strains (SRB-530-5-H T , SRB-509-4-S-H, SRB-524-4-S-H) isolated from three different mice probably represented novel taxa, i.e. they were only distantly related to any known species with a name with standing in nomenclature. Unambiguous alignment of the 16S rRNA gene sequences of the three isolates and the most closely related bacteria showed that strains SRB-530-5-H T (sequence length 1433 bp), SRB-509-4-S-H (1358 bp) and SRB-524-4-S-H (1372 bp) shared 100 % similarity and that their sequences were (i) ¡99 % similar to a cloned sequence (GenBank accession no. AY684376) and the sequence of a cultivable yet uncharacterized strain (AY653234), both from the human intestine (Ballard et al., 2005; Wang et al., 2005) , and (ii) ¡94 % similar to members of the family Lachnospiraceae within cluster XIVa of the genus Clostridium: Robinsoniella peoriensis PPC31 T (AF445285), Ruminococcus gnavus ATCC 29149 T (NR_ 036800), Clostridium xylanolyticum DSM 6555 T (X76739) and Blautia producta JCM 1471 T (AB600998). A phylogenetic tree based on 16S rRNA gene sequences computed according to the maximum-likelihood method ( Fig. 1) showed that the three isolates and the two as-yet unclassified organisms mentioned above formed a single cluster clearly separated from any described species. The fact that our isolates were only distantly related to any known species within cluster XIVa of the genus Clostridium based on phylogenetic analysis was confirmed by partial sequencing of the housekeeping gene hsp60 according to Goh et al. (1996) (Fig. 2) . Pairwise comparison of hsp60 sequences (552 bp) from the isolated strains and from related species for which sequences were available (Hill et al., 2004) also showed that the three isolates were highly similar (99.6-100 % sequence similarity) and that strain SRB-530-5-H T was most closely related to an uncultured strain from pig faeces (83.8 % similarity) and to Robinsoniella peoriensis CCUG 52336 (82.2 %). To assess genetic diversity among the isolated strains, we generated random amplified polymorphic DNA (RAPD) profiles of the three isolates and Robinsoniella peoriensis CCUG 52336 using three different primers for each, according to previously published procedures (Brennan et al., 2002; Lechner et al., 1998; Nilsson et al., 1998) . The results indicated that the three strains shared identical RAPD patterns that differed from those of Robinsoniella peoriensis CCUG 52336 (Fig. S1 , available in the online Supplementary Material). Genotypic analysis of strain SRB-530-5-H T also included determination of the G+C content of DNA by HPLC at the German Collection of Microorganisms and Cell Culture (DSMZ). The isolate had a DNA G+C content of 44.0 mol%, which differed slightly from values reported in the literature for the related species C. xylanolyticum (40 mol%), Robinsoniella peoriensis (49 mol%) and Ruminococcus gnavus (41 mol%).
To evaluate the prevalence of strain SRB-530-5-H T in gut microbiomes, we used an integrated metagenomic approach (Dolinšek et al., 2013; Lagkouvardos et al., 2014) . All pyrosequencing-based amplicon studies available in the Sequence Read Archive (SRA) (Kodama et al., 2012) were extracted and organized in sample-specific databases. Using selected 16S rRNA gene sequences of the isolates and target species as queries, the databases originating from gut samples (3083 in total) were searched using MegaBLAST (Camacho et al., 2009) . Results were filtered on similarity (.95 and .97 %), length (.200 nt) and coverage (.70 % read length) and expressed as relative abundance of total reads per sample (Tables S1a and S1b). Finally, samples containing .0.5 % reads assigned to the query organisms at each similarity level ('genus' or 'species') were counted and expressed as the relative proportion of total samples for each host species (Fig. 3 , Table S1c ). The first and most apparent observation from this analysis was that each selected bacterium showed different prevalence between host species, and thus, by extension, different host specificity, at both the genus and species levels. Interestingly, in spite of its origin of isolation, strain SRB-530-5-H T showed a high prevalence in bovine samples but a relatively low prevalence in the human and mouse gut when compared with reference commensals such as Ruminococcus gnavus and B. producta. It is important to remember that the SRA collection includes amplicon datasets from human and animal samples that often relate to specific conditions (e.g. disease phenotype, transgenic model, antibiotic treatment, etc.) and that sample metadataspecific analysis is not yet possible. This is why we restricted our analysis to the prevalence of target organisms and did not make interpretations of their relative abundance across very heterogeneous samples. Interestingly, in the case of ruminococci, depending on the starting 16S rRNA gene sequence used (Ruminococcus gnavus or Ruminococcus obeum), different host specificities were observed at the T and related species based on partial 16S rRNA gene sequences. Accession numbers of sequences used to reconstruct the tree are indicated in parentheses. The sequence alignment was corrected manually and the tree was reconstructed using the maximum-likelihood method based on the Tamura-Nei model (Tamura & Nei, 1993) with 1000 bootstrap replications in MEGA5 (Tamura et al., 2011) . The tree with the highest log-likelihood ("6231.5636) is shown. The initial tree(s) for the heuristic search was obtained by applying the neighbour-joining method to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach. A discrete Gamma distribution was used to model evolutionary rate differences among sites [four categories (+G, parameter50.2377)]. The rate variation model allowed for some sites to be evolutionarily invariable [(+I), 56.9631 % sites]. The tree is drawn to scale, with branch lengths measured in numbers of substitutions per site. Bar, 2 substitutions per 100 nucleotide positions. Fewer than 5 % alignment gaps, missing data and ambiguous bases were allowed. There was a total of 1258 nt in the final dataset.
Murimonas intestini SRB-524-4-S-H (KF601350)

Murimonas intestini SRB-509-4-S-H (KF601349)
Murimonas intestini SRB-530-5-H T (KC311366)
K. Klä ring and others genus level, illustrating that these two species have sequence similarity ,95 % although they are classified in the same genus.
The isolated strains and the type strains of the phylogenetically most closely related species were characterized further using chemotaxonomic methods. Cell biomass was produced by cultivation at 37 uC in reduced WCA medium. Incubation time was 24 h (in 300 ml) for cellular fatty acids (CFAs) and 72 h (in 1.5 l) for polar lipid, peptidoglycan and quinone analysis. Cells were obtained by centrifugation (5500 g, 10 min), washed once in filtersterilized PBS and stored at 280 u C prior to freeze-drying overnight and shipment at room temperature. Samples were analysed by the Identification Service of the DSMZ. Experimental procedures are available online (http://www. dsmz.de/services/services-microorganisms/identification). CFA patterns are given in Table 1 and the type strains of closely related species of the genera Clostridium, Blautia, Robinsoniella and Ruminococcus. Sequence accession numbers are indicated in parentheses. Sequences were aligned using CLUSTAL_X. The tree was reconstructed using the maximum-likelihood method (Tamura & Nei, 1993) in MEGA5 (Tamura et al., 2011) . Only bootstrap values .50 % (percentages of 1000 replications) are shown at branch points. Bar, 5 substitutions per 100 nucleotide positions.
Genus ( Bovine (61) Macaque (374) Mouse (1278) Swine (82) Other (113) B. producta For each selected bacterium, the proportion of gut samples containing .0.5 % reads mapped to the 16S rRNA gene sequence queries at the genus (.95 % similarity) (left panel) or species (.97 % similarity) (right panel) level is shown in a host-specific manner (for simplicity, host species that were represented in the SRA depository with fewer than 60 samples were merged under the generic name 'Other'). The accession numbers of the sequences used as queries are shown in parentheses below the corresponding species names. The number of gut samples considered for the analysis is shown in parentheses next to the corresponding host species. . They were also characterized by lower proportions of C 18 : 1 cis-9 dimethyl acetal and C 18 : 1 cis-11 dimethyl acetal as well as higher proportions of C 14 : 0 dimethyl acetal and methyl ester when compared with C. xylanolyticum DSM 6555 T . The polar lipid pattern of strain SRB-530-5-H T consisted of phosphatidylethanolamine, three glycolipids, four phospholipids, two phosphoglycolipids, two phosphoaminolipids and two phosphoaminoglycolipids (Fig. S2) . Glucose, galactose, ribose and traces of rhamnose were found as whole-cell sugars in strain SRB-530-5-H T . As reported for Robinsoniella peoriensis (Cotta et al., 2009) , no respiratory quinones were detected. According to TLC analysis (Rhuland et al., 1955) , meso-diaminopimelic acid was detected as the diagnostic diamino acid of the peptidoglycan, as in Robinsoniella peoriensis and B. producta (Cotta et al., 2009; Ezaki et al., 1994) . This observation supports a peptidoglycan type A1c or three variations of type A4c. The latter being specific for members of the family Dermabacteraceae, strain SRB-530-5-H T is probably characterized by peptidoglycan type A1c (A31) according to http://www.peptidoglycan-types.info/.
Based on microscopic observation after Gram-staining of cells grown in reduced WCA, the three isolates formed coccobacilli (Fig. S3 ) that stained Gram-positive, which was confirmed by a negative KOH test (no mucoid string formation). The production of short-chain fatty acids was determined in triplicate by gas chromatography in batch culture supernatants of strain SRB-C530-5-H T , Ruminococcus gnavus ATCC 29149 T and C. xylanolyticum DSM 6555 T , as described previously (Pfeiffer et al., 2012) . Briefly, a volume of 20 ml reduced WCA (without addition of DTT and with a gas phase of 20 : 80 N 2 /CO 2 ) was inoculated with overnight cultures (7.5 ml) and bacteria were left to grow at 37 u C for 24 h. Strain SRB-C530-5-H T produced 3.7 mM acetic acid, whereas Ruminococcus gnavus ATCC 29149 T and C. xylanolyticum DSM 6555 T produced larger amounts (5.1 and 10.3 mM, respectively). After 48 h of growth, strain SRB-C530-5-H T produced 8.0±1.2 and 2.4±0.9 mM acetic acid in WCA and PYG broth, respectively. For all strains, the production of propionic, butyric, valeric and isovaleric acids was low (,0.5 mM). Enzymic reactions of strain SRB-530-5-H T were tested using the Vitek, API 20A and Rapid ID 32A systems (bioMérieux) as well as Biolog AN microplates with visual and spectrometric reading, respectively, following the manufacturers' instructions. All positive substrates are given in the species description and in Fig. S4 . Sugar fermentation was tested in triplicate using 96-well plates filled with a volume of 1.5 ml peptone-yeast extract (PY) medium per well (DSMZ medium 104 without glucose). All reagents were brought into the anaerobic workstation 2 days before inoculation. Sugars were added at a final concentration of 5 g l 21 and bacteria were allowed to grow for 48 h before Da, Acetate; f, formate; l, lactate; s, succinate.
dAll strains were grown under identical conditions; details for cell biomass production are given in the text. CFAs were analysed at the DSMZ using the ANAER6 method (http://www.dsmz.de/ services/services-microorganisms/identification). Values are percentages of total fatty acids; 2, not detected. Values in bold indicate CFAs for which substantial differences were observed between strains SRB-530-5-H T , SRB-509-4-S-H and SRB-524-4-S-H and related type strains. ALDE, Aldehyde; cyc, addition of a carbon group at the indicated position; DMA, dimethyl acetal; FAME, fatty acid methyl ester.
Murimonas intestini gen. nov., sp. nov.
OD 600 measurement. Results are listed in the species description. Growth of all strains of the newly isolated bacterium was not detectable in the presence of mannitol, although strain SRB-C530-5-H T tested positive for this substrate using the Biolog system. The species was also distinguishable from most closely related species by its ability to utilize lactose (compared with Ruminococcus gnavus and C. xylanolyticum) as well as arabinose and ribose (compared with C. xylanolyticum). All three isolated strains grew equally well in WCA broth over the temperature range 37-42 u C. At lower temperatures (25 and 30 u C), growth was slower than that of Robinsoniella peoriensis CCUG 48729 T . Growth curves of strain SRB-C530-5-H T and Robinsoniella peoriensis CCUG 48729 T in PYG broth at 37 u C in an atmosphere of N 2 /CO 2 /H 2 (85 : 10 : 5) are shown in Fig. S5 . Formation of spores was not observed, and none of the three isolates or Robinsoniella peoriensis CCUG 48729 T grew after heat treatment at 60 u C for 20 min or 80 u C for 10 min. However, they and phylogenetically related species were positive for the sporulation gene spo0A by PCR (Fig.  S6) , as tested according to Brill & Wiegel (1997) .
Based on the genotypic and phenotypic characteristics presented above, we propose that strains SRB-530-5-H T , SRB-509-4-S-H and SRB-524-4-S-H represent a novel bacterial genus and species within the family Lachnospiraceae, for which the name Murimonas intestini gen. nov., sp. nov. is proposed. Features that help to distinguish the novel taxon from related bacteria with validly published names are summarized in Table 1 .
Description of Murimonas gen. nov.
Murimonas [Mu.ri.mo9nas. L. n. mus, muris a mouse; L. fem. n. monas a unit, used in bacteriology to refer to a monad; N.L. fem. n. Murimonas a bacterium (unit) isolated from a mouse].
Members of the genus are non-spore-forming, non-motile, mesophilic and strictly anaerobic bacteria. Cells are Gramstain-positive and grow as coccobacilli (1-1.562-4 mm) that occur mainly as single cells or pairs, but also in short chains when harvested at the early stationary phase in reduced WCA broth. Related phylogenetically to species of the genera Blautia, Clostridium, Robinsoniella and Ruminococcus within cluster XIVa of the genus Clostridium. Major cellular fatty acids are saturated and include mainly methyl ester and dimethyl acetal derivatives of C 14 : 0 and C 16 : 0 . The type species is Murimonas intestini.
Description of Murimonas intestini sp. nov.
Murimonas intestini (in.tes9ti.ni. L. gen. n. intestini of the gut, referring to the ecosystem of origin of the bacterium).
The species has the features of the genus, with the following additions. After 48 h of growth on reduced WCA agar, colonies are 1-2 mm in diameter, circular, entire, opaque, white to yellowish, shiny and slightly convex. Indolenegative. The main short-chain fatty acid produced after ID 32A) . Negative for all other reactions in these test systems. In PY broth, capable of growing well in the presence of fructose, glucose, lactose, maltose, ribose and sucrose. Grows moderately with arabinose, galactose, mannose and xylose, but does not grow with mannitol. The cell wall contains meso-diaminopimelic acid. Quinones are not detected. Whole-cell sugars are glucose, galactose, ribose and traces of rhamnose. Polar lipids include phosphatidylethanolamine, three glycolipids, four phospholipids, two phosphoglycolipids, two phosphoaminolipids and two phosphoaminoglycolipids.
The type strain, SRB-530-5-H T (5DSM 26524 T 5CCUG 63391 T ), was isolated from the caecal content of a 17-weekold female heterozygote TNF DARE/+ mouse (C57BL/6 genetic background) that was fed a standard experimental diet and suffered from ileitis. Strains SRB-509-4-S-H (5DSM 275775 CCUG 64595) and SRB-524-4-S-H (5DSM 275785CCUG 64594) were isolated from two additional TNF DARE/+ mice fed the same experimental diet supplemented with ground flaxseeds. The DNA G+C content of the type strain is 44.0 mol%.
